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n October of 1777, the Courts of Portugal and Spain signed the important Santo Ildefonso Treaty, where they agreed on new operations for readjusting the Brazilian frontiers, following and going further than the Treaty of Madrid (1750) .
A fast development of precision instruments -both in their conception and also in their production, materials, and accuracy -took place during the last quarter of the century. A project like the Brazilian demarcations needed updated instruments, and that was in the rulers' and practitioners' minds. The Portuguese instrument expert settled in London, João Jacinto de Magalhães (better known as J.H. de Magellan, 1722 de Magellan, -1790 , was commissioned to choose and supervise the acquisition of the astronomical and physics instruments required for performing those operations. The Spanish Court also agreed that Magellan should be their representative to superintend the Spanish equipment. The two courts conveyed that their collections should be complimentary. In a short time, 11 collections of instruments were produced and crossed the Atlantic for that program (Malaquias, 2014a) .
How does this fit with the topographic compass/theodolite we are dealing with?
The instrument at present
The description of this instrument at the Museum of Astronomy and Related Sciences (Museu de Astronomia e Ciências Afins, MAST) labels it as a topographic compass made by "G. Adams, London," following the engraving present near the compass border. It has the Registration Number: 1994/0221 a, b, c (MAST, 2011). In the oldest card, produced in 1984, it is said that it comes from the nineteenth century, and that it was made in England.
1 Nothing else is registered concerning the theodolite's travelling route or acquisition. Regarding the instrument characteristics, some dimensions are offered, namely the height of 29.5cm, a depth of 31cm, and the 17cm compass diameter. The vertical circle is 23cm, and the horizontal circle is 25cm. A more recent card (1994) presents some slight differences concerning the dimensions taken, and classifies the instrument as belonging to the class of the precision instruments /Optics. As previously identified, its functions correspond to surveying for guidance and measurement of angles indicating the magnetic meridian direction of a given point. However, it advances some new information relative to the room where the instrument is preserved, 2 and reveals in the acquisition item that it came from the "warehouse." It presents the date March 8, 1985 , and that it proceeds from the National Observatory (implicitly in Rio de Janeiro). It is also written that this information was provided by a former employee of the National Observatory.
Comparing these two cards, some differences are present in the item "acquisition dates" that most probably refer to the instrument's entrance at MAST, apart from the difference of one day and one year that must be a copy mistake. The second information on its provenance is interesting and plausible, in the sense that it is explicitly mentioned that it came from a former staff member and unveils a little bit of what we are trying to find out.
Our information taken upon observation (Figure 1 ) gives 24.5cm to the larger diameter and 14.9cm to the length of the magnetic needle. The telescope has a 29.5cm length. There are some missing parts of the instrument, namely the telescope lens. The horizontal circular base is graduated and possesses a nonium (vernier) (Figure 2 ). There exist two perpendicular vertical arcs of circles upon the magnetic compass, fixed in opposite directions. One of them is a racked arc of a circle over which the telescope can move. It is graduated from 30º -0º -30º and presents a superimposed nonium (Figures 3, 4 , and 5). 
More on the probable travelling path
Several documents concerning the instrument's acquisition for the Brazilian demarcations of the second half of the eighteenth century still remain in the Portuguese archives. From some of them we get a more direct reference to theodolites that were ordered at the time. More precisely, we find that on July 14, 1778, Magellan was informing the Portuguese ambassador 4 in London on the progress of the requests relative to the instruments for the Portuguese astronomers/surveyors. He relayed to the ambassador that it was then a bit late to modify the way the compasses were being constructed. More precisely, he considers that:
The needles to determine the magnetic variation, are already very advanced, to give another form to its construction, but if it were not so, the circumstance of having a vertical circle with their divisions to determine the azimuth angles, can certainly be very advantageous in several occasions which lack an astronomic quadrant. Besides that, the Order received from the Spanish Court for instruments being similar to this List of Portugal, points expressly to 6 Theodolites: and I imagine that the Portuguese astronomers will not be unhappy to own instruments with the same properties to which I will join, if Your Excellency approves, many other surveyor chains, as in the said Spanish order is determined (Magalhaens, 14 July 1778; emphasis added).
The collections for the Portuguese court were completed and sent on July 2, 1779 following Magellan's mention that he has received the necessary money to pay the different instrument makers for all the instruments in the Portuguese collections (Malaquias, 2014a) . From the list of instruments acquired, one reads "5 azimuthal needles by Adams … 10 pocket magnetic needles each with a support in the shape of a walking stick" (Magalhães, 2 July 1779) . From what is said, the compasses here referred to were not yet of an altazimuth variety, but most certainly just compasses with vertical sights (Figure 6 : Fig.72 ), although Magellan would envisage the possibility of adapting a vertical graduated circle as mentioned above.
At that date, the collections ordered by the Spanish minister in England, Chevalier Escarano, had been in preparation since the previous year, and took a few months more to be completed and dispatched. Magellan intended to write and publish several booklets with descriptions and instructions for use of every instrument in the different collections. However, health problems limited his intentions and he prepared just a few booklets to be used either by the Portuguese or the Spanish astronomers, avoiding duplicated efforts. They were sent free of charge to the Iberian courts, as Magellan was proud to serve them both, following his ancestor's way (the Portuguese Fernão de Magalhães, the circumnavigator) (Malaquias, 2008 (Malaquias, , 2014a (Malaquias, , 2014b ).
Magellan's description
In the collection's descriptions for Spain (1780), Magellan refers to the theodolite ordered and presents a drawing illustrating one of those included. In particular, the contents of Box 9 belonging to Collection No.1 refer to one theodolite to be used with a tripod. Magellan (1780) details some parts of the theodolite in the text and in the corresponding drawings ( Figure 6 ). George Adams was the instrument maker that produced it with great care, testifies Magellan, mentioning that he gave priority to the construction of this instrument "whose invention is attributed to the late Mr. Harris, Director of the London Mint." 5 And Magellan
continues, considering that
This construction has all the benefits you could want with this instrument; and in the same time, it admits in its centre a needle of sufficient magnitude to be useful for what I proposed to observe, with this instrument, the magnetic variation much more accurately than by any other method known. This is what I had already done with the instruments for the Court of Portugal and I had the satisfaction to see and learn that my ideas had obtained all the success imaginable, and the Scientists' approval (Magellan, 1780, p.226). 6 We know that the collections for both courts were similar, although a theodolite description is not included in the published booklets addressed to the Portuguese court. However, from the excerpt initially mentioned above (1778) concerning the communication with the Portuguese ambassador in London, and from this last passage, we get knowledge that in the time gap between the two communications mentioned they had also been produced and tested for the Portuguese collections.
Magellan points out that the theodolite includes two opposite nonius (marked a and b in Figure 6 ) to control any variation in the observation caused by defects on the horizontal divided circle (with "about ten and a half British inches"). The occurrence of a variation would be easily perceived, since every minute is "no more than one thousandth and a half (0.0015) of a British inch; it is the amount that the two Nonius would not fail to show, if it existed" 7 (Magellan, 1780, p.226) .
It possesses two telescopes (fg and de); the second one (de) can be fixed with a screw, below the horizontal circle acb, and can be moved either in the horizontal or vertical plans, so that an object can be observed at the centre of its crossed wires field. This enables the user to ensure that the instrument did not move from its first position and that observations with the other telescope (fg) can then be made.
In what follows, Magellan (1780, p.227) continues detailing the method to accurately observe the magnetic declination, "which is the subject of the particular construction of my invention, I did adapt successfully to that of these Theodolites. Here is how it must be taken, to observe with the greatest accuracy" (emphasis added).
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For that, it is necessary at first to proceed with all the adjustments needed for geodesy, so that the horizontal circle acb is parallel to the horizon and the vertical nonius of the first telescope (fg) be fixed at zero in the vertical arc of the circle. At the same time, the air bubble level (kk), near this telescope, must be positioned in its middle. The true meridian line must be found after the horizontal plan circle is adjusted and the collimation line be secured within the telescope (fg). It is then possible to point out to a terrestrial object with the other telescope (de). The true direction of the meridian line can be found afterwards, either by having fixed Figure 6 : Drawing of the theodolite (Magellan, 1780 ; photo by I. Malaquias) some object or mark, or by knowing the hour angle using a clock, and find it by taking the sun line with the telescope (fg) to obtain the azimuthal angle (using a dark glass).
After having secured the theodolite degree and minute on which the meridian line passes, it is possible to free the telescope fg from its location and mount it on the two forks marked qq. Then one can adjust the instrument, by rotation of the screw, l, to which adapts the knob marked as Fig.76 , until the meridian line is observed again in the centre of the telescope. This enables getting the angular measure the forks' direction has towards the meridian line. Removing the telescope fg from the forks, it is necessary to put them on the tube, xz, that contains two microscopes -am, am (Figure 6 -Fig.70 ) with crossed wires on each. Rotating the screw, l, again it is possible to adjust the two wires in each microscope with the needle's central direction while they coincide with the 45º & 225º direction of the compass interior circle, while the other right angle wires will be parallel to the tangent of the compass' circle. In this regard, Magellan (1780, p.237) makes some considerations on the graduation of the compass and on what is observed (in an inverted position) through the microscopes, also referring to the differences one can find when observing with a terrestrial compass and with a sea compass. Moreover he mentions the necessity of carefully repeating the measurements, namely turning up the magnetic needle, and adjusting this one with the slight small ring it presents to better equilibrate it on its pivot.
A detail of the compass divisions is presented in Figure 7 . 
George Adams Junior's advertisements
In his Geometrical and graphical essays, published in 1791, George Adams Jr. presents drawings of theodolites, one of them improved by Ramsden (Figure 9 ). At that date, Magellan had already passed away, but confronting those instruments with the present theodolite, some differences are revealed that mainly correspond to the vertical ring and the compass placement in relation to the spyglass and the telescope (in the second theodolite). Ramsden's instrument seems more robust than Adams's version made for Magellan, and both are a lot more robust than some other simpler theodolites produced at Adams' workshop. In particular, we can realise that by looking at the Adams' theodolite dated circa 1790 displayed online at Astonishing Science Spectacular Museum. 
Other evidence
The Brazilian frontier demarcations were a huge enterprise that was implemented during several years. The acquisition of instruments also continued after the initial eleven collections production (five to Portugal and six to Spain), although not in such a large amount. Drawing on archival sources, some other findings were released. From the Portuguese side, there still remains a documented order for a theodolite required for the works being developed in Rio Negro, Brazil. In fact, the Portuguese ambassador in London writing to the Minister Martinho de Melo e Castro in Lisbon mentions that following the orders received on June 10, 1786, to acquire a theodolite for the referred demarcation, he was able to declare that the instrument was already sent on the ship St. Jorge, whose captain was Jaime Williamson. The instrument would be inside a box numbered as "N.13" and marked with a capital M above which was a crown symbol (meaning 'Majesty', most probably) (Sousa, 10 June 1786, doc. n.741) . From the same document, we learn that Magellan charged £36: 15 for the theodolite. We do not have more particular details on this theodolite, but the price advertised in 1795 by Adams Junior for "The latest improved theodolite, with double telescope, and every requisite adjustment [was] £36.16.0" (Millburn, 2000, p.373) .
Was this the type of theodolite we have been dealing with? The first collections ordered by the Spanish Court contained already six theodolites as Magellan informed the Portuguese Court about them, asking permission to add similar instruments to the Portuguese collections.
The Spanish collections of instruments were ready a few months later after the Portuguese. In what refers to the theodolite, its description was inserted in their collections. So we can consider that in 1780, theodolites were already being tested to sail out to Brazil and to the Spanish "commissions" 10 that were delayed until 1783. In later correspondence with the Spanish ambassador, Magellan gives an account of "Two compasses or variation needles, united with two Theodolites (Adams' bill In the present day, the surviving Spanish collections also refer to a theodolite that does not exist anymore according to Dr. Francisco Gonzalez, curator in San Fernando Observatory, in Cadiz. If it remained, it would be interesting to compare it with this one that belongs now to MAST, as happened in the case of the Jeremiah Sisson's quadrants (Malaquias, 2014a) .
Final considerations
From the documents analysed, we believe that the George Adams' theodolite in Rio de Janeiro must have belonged to the collections of instruments that were sent for the Brazilian demarcations after the Santo Ildefonso Treaty (1777) between Portugal and Spain. J.H. de Magellan was in charge of the acquisition of the whole commission for British instruments. In the collections made for Spain, produced a bit later than those for Portugal, there is an explicit register and description of theodolites together with an illustrative drawing. Matching the present instrument with the drawing, there exists an affinity between both that drove our attention since the beginning. However, some differences and/or missing pieces are present. The existent theodolite does not seem to have a fixing part for the second telescope, although it shows the two forks. For this second telescope, the tube with microscopes and the air bubble level seem to have disappeared, as well as the box to keep the theodolite together with some small dark glasses, screws, the tripod with leveling screws etc. that were reported to exist.
In Spain it seems there are no more extant theodolites from those scientific missions. In the Portuguese case, the one in MAST seems to be the last remaining. Other archival documentation related to Brazil specifies a theodolite ordered for the demarcations held at Rio Negro (1786), leading us to conceive that after those works the commission in charge must have brought the instrument to the capital of Rio de Janeiro, if it was not one of the others that went previously to other places in the frontier.
Different institutional modifications, occurring during the mid-nineteenth and twentieth centuries, must have led to the present instrument in evidence at MAST. Our hypothesis stands on the condition that an expensive precision instrument would not be left behind in the interior part of Brazil after the demarcation works unless it was damaged forever. If that were not the case, it should have returned to Rio de Janeiro. Moreover it would not have been impossible that it even had returned to Portugal, where in 1788 the program for the kingdom's triangulation begun, following the Paris-Greenwich enterprise. That was the aftermath of some of the Spanish instruments. However, by the end of the century Portuguese State politics were favourable to moving the capital to Brazil in order to better lead the large Portuguese empire. The French invasions at the beginning of the following century forced the move of the Queen and the royal family to Rio de Janeiro. Finally, it does not seem that a similar theodolite is found at present in the Portuguese collections where remains of the triangulation program still exist.
After such a long voyage, since it was produced in London at the George Adams Junior's workshop, this exemplar looks like a rare copy of an Adams theodolite, to which Magellan could add some few modifications that may turn this instrument into a singular model among other theodolites of the period. A probable date range of 1779 to 1787 is conceivable for this theodolite presently belonging to the Museu de Astronomia e Ciências Afins in Rio de Janeiro, Brazil, as a memory of those times.
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